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Background: Maternalefetal ABO incompatibility is one of the causes of neonatal hyperbiliru-
binemia. We postulate that hemoglobin (Hb), hematocrit (Hct), and red blood cell (RBC) values
for cord blood units (CBUs) are lower and erythroblast values higher for maternalefetal ABO
incompatible dyads than for compatible dyads.
Objective: We investigated the relationship between Hb, Hct, RBC, and erythroblast CBU
values and maternalefetal ABO blood type compatibility.
Methods: Mothers having blood group O who gave birth to infants with blood group A, B, or AB
were classified as Group I. According to baby’s blood group, the members of Group I were
further divided into AO (baby group A, mother group O), BO (baby group B, mother group
O), and ABO (baby group AB, mother group O) subgroups. Mothers having blood group A who
gave birth to infants with blood group B or AB and mothers having blood group B who gave birth
to infants with blood group A or AB were classified as Group II. All other maternalefetal blood
type pairs were considered ABO compatible and were classified as Group III. We compared
mean Hb, Hct, RBC, and erythroblast values for the infants’ CBUs among these three groups
including the subgroups of Group I.
Results: Group I had lower mean Hb, Hct, and RBC values than Group II and Group III (both
p < 0.001). Although the mean Hb, Hct, and RBC values for Group II were lower than for
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Group III, the difference was not statistically significant. Mean Hb and RBC for the AO group
were higher and nucleated RBC (nRBC) ratios were lower than for the BO group; however,
these differences were also not statistically significant. Interestingly, the mean Hct value of
the BO group was significantly lower than that of the AO group (p Z 0.04).
Conclusion: Group A or B neonates with a group O mother have lower mean Hb, Hct, and RBC
values for CBUs than other neonates. The role of RBC indices in predicting neonatal hemolytic
hyperbilirubinemia remains unclear and further studies are needed to identify the possible
clinical association.
Copyright ª 2012, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. All rights
reserved.

1. Introduction

Hemolytic disease of the newborns (HDN) due to maternal
antibodies is a situation in which the lifespan of the
neonate’s red cells is shortened due to the activity of
transplacental maternal antibodies. More than 99.5% of
Taiwanese are D Rh positive and, therefore, HDN due to
anti-D antibodies is rarely encountered.1 In addition,
hemolytic disease resulting from ABO incompatibility is
clinically milder than anti-D disease. However, HDN and
kernicterus do occasionally occur, and hydrops fetalis has
been suggested as a result.2,3 Thus, it is desirable to have
a simple and reliable test that is able to predict the
development of neonatal hyperbilirubinemia due to ABO
incompatibility, after which preventive phototherapy can
be used. Hemoglobin (Hb) levels, hematocrit (Hct) counts,
reticulocyte counts, direct Coombs test results, bilirubin
levels, and immunoglobulin G (IgG) titers that have been
obtained from cord blood together with maternal anti-A/
anti-B titers have been suggested as approaches for pre-
dicting the severity of hyperbilirubinemia in ABO HDN.4e10

A complete blood count (CBC) test is an absolute
requirement before any CBU cryopreservation. CBC testing
of CBUs is noninvasive, convenient, simple, and rapid. We
hypothesized that ABO incompatibility influences Hb, Hct,
red blood cell (RBC), and erythroblast values obtained from
CBU. The veracity of this hypothesis could be tested using
reference data and then used to help predict ABO incom-
patibility that is related to HDN. Most studies reported in
the literature, when obtaining CBC samples, have used cord
blood obtained directly from the umbilical veins at delivery
rather than cord blood units. To our best knowledge, no
similar study has been reported to date involving a sample
of this great size. Using 3688 CBUs, we studied the impact
of differences in the mothers’ and fetuses’ blood type
combinations on Hb, Hct, RBC, and erythroblast values for
CBUs.

2. Materials and Methods

2.1. Cord blood collection

Between September 2001 and November 2006, donated
cord blood samples from healthy Taiwanese singleton
neonates with a gestational age more than 36 weeks born to
married mothers were collected by the Tzu Chi Cord Blood

Bank. CBUs with a net weight of more than 90 g were
accepted. CBUs where one parent carried thalassemia were
not accepted, and collected CBUs were discarded if the
baby was diagnosed as having glucose-6-phosphate dehy-
drogenase deficiency (G-6-PD) deficiency. Written informed
consent was obtained from the mother donating the CBU
before collection. All CBUs were collected in utero using
a standard procedure. After delivery, the cord was steril-
ized and a 16-gauze needle was inserted into the umbilical
vein. The cord blood was collected by gravity into a col-
lecting bag containing 28 mL anticoagulant phosphate-
citrate-dextrose. The bag was stored at 4�C to 10�C and
sent to Tzu Chi Cord Blood Bank within 24 hours. Between
1 mL and 2 mL of the aspirated cord blood from cord blood
bag was infused into an EDTA tube. Subsequently, the cord
blood CBC, white blood cell differential count (WBC DC), Rh
typing, and ABO typing were analyzed in the central labo-
ratory of Hualien Buddhist Tzu Chi General Hospital by
experienced technicians. Blood group typing was per-
formed routinely using standard blood bank techniques.

2.2. Analysis of cord blood CBC and WBC DC

The CBC testing included RBC, Hb, Hct, WBC, and platelet
counts, which were measured using a Sysmex XE2100�
automated hematology analyzer (Sysmex Corporation,
Kobe, Japan). Nucleated RBCs (nRBCs) were reported as the
number of nucleated RBCs per 100 WBCs. According to
the quality control chart and Westgard rules 13S/22S/R4S,
the analyzer was calibrated twice daily using a commercial
assayed control cell.11

2.3. Materials

Among the 5602 CBUs available, 1913 units lacked some
data, and these were excluded. Furthermore, there was
only one unit where the mother was AB blood group and
baby was O group, therefore we excluded this CBU also. In
total, 3688 healthy neonates were included in this study,
and these were divided into three groups. Mothers having
blood group O who had given birth to infants having blood
group A, B, or AB were classified as Group I. Group I con-
sisted of 555 CBUs (A, B, and AB; 305, 247, and 3, respec-
tively) where the newborn’s mother’s blood group was O.
Mothers having blood group A who had given birth to infants
having blood group B or AB together with mothers having
blood group B who gave birth to infants having blood group
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